ABSTRACT: The moving target detection method is the main research content in the current real-time video monitoring field. In order to improve the real-time monitoring level of the unattended substation, this paper adopts the detection method of Gaussian Mixture Model to analyze the video images through improving the moving target detection algorithm, thus achieving accurate detection of the abnormal situation of the substation site in a way of moment stimulus, so as to make rapid and wise decisions and real-time response, and effectively improve the real-time monitoring level and safety level of the unattended substation.
RESEARCH BACKGROUND
With the development of the computer technology, video monitoring technology and communication technology, the computer vision technology based on the multimedia monitoring system is widely developed and applied. Through processing the video data by using the computer vision, pattern recognition and data mining, the intelligent video monitoring system can detect interesting targets and behaviors in the monitoring scene, thus achieving classification and recognition, efficient storage and retrieval of the targets and behaviors. Among them, the moving target detection is the core research content, but the complex dynamic background, moving target appearance and target shadows bring a tremendous challenge to the moving target detection. Combined with respective advantages of the frame difference method and background subtraction method, this paper adopts the detection method of Gaussian Mixture Model to achieve active real-time monitoring of the unattended substation.
RESEARCH OBJECTIVES
The objective is to integrate into the substation video monitoring system through the improvement of the moving target detection algorithm and its application, internally install the algorithm in the host of the video analysis, and send the video stream collected by the front camera to the host of the video analysis for analysis. And we analyze the real-time video content by the host of the video analysis, and then analyze and test the video image sequence. In case of moving targets or other suspicious circumstances detected, they are sent to the large-screen control host through the network, and the large-screen control host displays the videos received on the large screen of monitoring center to alert the monitoring personnel to identify in order to achieve the objective of "active" monitoring.
MOVING TARGET DETECTION
Moving target detection refers to detection and extraction of the moving objects from a continuous video image sequence. Its purpose is to provide support for subsequent target identification and classification, behavior understanding and analysis, and a higher level of processing in accordance with the target state deduced by the continuous image sequence. Due to higher requirements on the timeliness of the video monitoring system, the target detection algorithm could not be too complicated, so this project mainly adopts the frame difference method and background subtraction method to research and improve.
The frame difference method is to obtain a binarized moving area image through the difference opera-tion of adjacent frames in the video image sequence, and then conduct the thresholding operation. The distance between two adjacent frame images is short in time domain, so their difference may be small, and the scope of difference is very small after subtracting two frames, and it is very difficult to determine the size of the threshold value, but it has a strong anti-interference.
The background subtraction method is to obtain the background image of the current image by using some ways, and then conduct difference between the current image and the background, and ultimately obtain the foreground image, that is, the moving target. However, this algorithm is more sensitive to environmental changes. For example, illumination and slight changes in scene may be falsely detected as a moving target. This project mainly adopts the Gaussian Mixture Model in the background subtraction method to carry out research.
IMPROVEMENT OF THE TARGET DETEC-TION METHOD
For the deficiencies in the current moving target detection algorithm, , combined with the advantages and disadvantages of the above two detection methods, we propose a kind of improved detection method of Gaussian Mixture Model in order to obtain better detection effect. In our improved methods, we initialize two models-Gaussian Mixture Model and improved three-frame difference model, which simultaneously carry out analysis and modeling in each frame of the video image. And we will supplement and correct the Gaussian Mixture Model by using the moving area detected by the three-frame difference method, and improve the update strategies by using the correlation between the detection results of the frame difference method and the detection results of the Gaussian Mixture Model, thus improving the detection results.
(1) Detection of rapid illumination changes and improvement of background model updating Gaussian Mixture Model can adapt to scene changes well and follow the gradient scene to gradually update the background model. However, in case of sudden turning off the light in a bright room, or turning on the light in a dim environment, the system may incorrectly judge the area of the entire interior illumination change as the foreground, that is, the moving target. We can make judgment by the formula through traversing all the pixels in the current video image. The values of the above formula are compared with through the luminance information of the pixel. The luminance information(s) can be expressed by s= (R +G + B)/3. If n% of the pixels meet(s) the formula, it represents that the current luminance has a rapid change. Of course, the value of n and λ depends on the application scenario and the allowable range of the detection error. For example, the value of n with more black in the background is generally small. If there is a need to increase the rate of detecting illumination change, the value of λ should also be small, and certainly the probability of false detection will increase. In this paper, the value of n is 80, and the value of λ is 2.5.
Meanwhile, to improve the timeliness of the system detection, we uniformly distribute m feature points in the video area for detection, which can not only ensure to represent the entire image to a large extent, but also save a considerable part of the time. Then, m feature points are judged with the above formula. When the rate of change reaches n%, we also believe that the light has a rapid change. The research shows that, the impact of the illumination change on the image pixel is proportional, which can also be viewed as a condition to determine whether there is a rapid illumination change. In case of illumination change through detection, there is a need to immediately update the Gaussian Mixture Model replace all of μK, into the Gaussian Mixture Model with It and replace all of σK,t into zero, thus achieving the background updating.
(2) Shadow detection and elimination added in the Gaussian Mixture Model
The shadow has a characteristic which is the same with the foreground of the moving target [2] . The shadow is linked together with the real moving target, which will largely affect the subsequent identification and tracking and a series of operations, leading to the loss of other moving targets and impact on the detection rate, so we need to effectively remove the shadow in the moving target detection.
At present, there are mainly two categories of shadow detection methods. One is a model-based method [5, 6] , and the other is a feature-based method [8] [9] [10] . The model-based method is to establish a shadow model based on the characteristics of the shadow [11, 12] . The feature-based shadow detection is mainly focused on the space with two colors-RGB and HSV. This method is to compare the color component information of the current pixel with its corresponding feature information of the background pixels in order to achieve the purpose of determining shadow. This paper will adopt the method based on HSV color space to detect and eliminate the generated shadows. a) Color space conversion HSV color space includes: color scale (hue), brightness (value) and degree of saturation (saturation), which respectively corresponds to the color, bright-ness and color intensity of the object. HSV color model is defined as shown in Figure 1 [13] . HSV color space is usually converted from RGB color space. The algorithm converted from RGB color space to HSV space is as follows:
In the Formula r, g, b ∈ [0, 1], in which, r represents red, g represents green, b represents blue, min is the minimum value among the three, and max is the maximum value among the three. In HSV space, h is expressed in the formula as follows:
In HSV space, s and v are defined as the formula: (3) Shadow detection model By using shadow features: For the shadow shielded by the object, its brightness will get dimmed, and the degree of saturation will also get smaller, but its color component is essentially the same. There is a certain proportional relation between the degree of saturation and the brightness. This ratio is typically between 1.0 and 2.5. We can compare the current image with the background model based on the above characteristics of the shadow, so as to achieve the purpose of shadow detection and eventually remove the shadow. The discriminant formula of the shadow [4] [5] [6] [7] [8] is shown in the formula as follows: Where, ( , ), ( , ), ( , ),
and ( , ) respectively represent components H, S and V of the current pixel value ( , ) and background pixel value at the pixel ( , ). If ( , ) is 1, it is judged as the shadow. 0< < <1.
When <0, the adjustment of depends on the experience. This paper selects ( = 0.4， = 1， = 100， = 20).
(4) Improved Gaussian Mixture Model combined with the frame difference method This paper combines with the results of the frame difference method and the results of the Gaussian Mixture Model, and applies the results of the frame difference method into updating of the Gaussian Mixture Model, so as to achieve the purpose of improving the effect of the background updating. The most critical part of the model is how to accurately construct the current background model. When the background update rate is too fast, the background image is almost the same with the current image. In the extreme case, they are exactly the same, resulting in a complete failure in detecting the moving target; when the update rate is too slow, the background model may still remain in a long time ago. In the worst case, the background model is not updated, which is the same as using the fixed background image as background. Therefore, how to make the update rate change according to the situation of the current video is very important, and there is a need to appropriately change the update rate of the Gaussian Mixture Model. The update rate can be fine-tuned by the results of the frame difference method. We first detect the moving targets by using the three-frame difference method and Gaussian Mixture Model method, and then apply the non-motion area detected by the latter method as the next frame of mask into the background updating so that the background model only updates the content in the mask area, and then obtain a background image, and adopt the background obtained by the Gaussian Mixture Model for the next frame of the background subtraction, and also analyze the results of the three-frame difference method and Gaussian Mixture Model method. If both differences are huge, there is a need to immediately adjust the update rate of the background model and accelerate the update. In case of huge differences, the mask is no longer used, but the entire images which are currently transmitted are updated. If not do that, there is no use on accelerating the background updates. When the difference of the detection results of the frame difference method and the Gaussian Mixture Model method is resumed to the critical conditions, the mask update method will be used. This update step can effectively improve the background model close to the current real background. The flow chart of the improved Gaussian Mixture Model is shown as Figure 3 .
The final experimental result shows that, the improved Gaussian Mixture Model achieves a good effect after eliminating shadows. However, added with a three-frame difference model, an illumination detection module and a shadow detection module, we compare the time variation caused by adding these algorithms modules, as shown in the In the above table, they are respectively unimproved Gaussian Mixture Model and the time consumption by adding the detection of the rapid illumination change, the shadow detection the three-frame difference method to improve the Gaussian Mixture Model, and the denoise processing and morphological transformation. We can see that, the time consumption increased by each module is not great. The average time consumption by the final detection algorithm is 33ms, which can meet the processing of the real-time monitoring video.
MOVING TARGET DETECTION AND DESIGN OF SUBSTATION VIDEO MONITORING SYSTEM
(1) System design Design drawing of the moving target detection in the system: The motion detection part mainly consists of three parts, namely, the digital video recorder (DVR) and its connected camera as a surveillance video capture part, the host of video analysis (to analyze real-time video and carry out motion detection) as a real-time video analysis part and the large-screen control host and its connected large screen as a video display part. Each part is connected with a private network.
Camera connected to the DVR is responsible for collecting real-time video data, and the host of video analysis adopts the SDK provided by the device manufacture to obtain the real-time video streaming and split it into video image sequence frame by frame. The host of video analysis adopts the improved video image sequence of the algorithm analysis, so as to obtain whether there are moving objects or other abnormalities (camera damage, man-made shielding).
If there is a case, the video information with the case (DVR's IP address and video channel) is sent to the large-screen control host. After receiving alarm information, the control host displays the alarm video received on the large screen of the monitoring center and updates the rolling video list of the large screen, thus achieving the purpose of assisting the personnel in the monitoring center of the video monitoring. In case of violating the provisions, the system will automatically alarm in situations as follows: There are foreign matters on the ground or in the air within the monitoring scope entering the substation; remnants that are not easy to be observed are found out in the warning area; the device or component is taken away within the monitoring scope; strangers enter into the warning area or wander in the surrounding area.
(2) Reporting mechanism of the moving target detection results
To reduce the pressure of the procedure at the receiving end and improve work efficiency of the monitoring staff, we set up a time interval t (its value depends on the actual case). When the detection procedure first detects the moving object and then sends to the receiving procedure, the current time t1 is recorded; when it detects the moving object at the next time, the difference between the current time t2 and t1 is compared; if t2-t1 <t, the detection result at this time is considered as previous follow-up action without sending a report, otherwise considered as a new action, and the value of t1 is updated to the current time. In this way, it solves the problem of the detection procedures continuously sending notice to the receiving end, saves bandwidth and also makes appropriate adjustment for the large-screen control procedure at the receiving end. When the video being played sends request once again, there is no processing. Meanwhile, the alarm level is set up according to the importance degree of the monitoring area. The large-screen control host at the receiving end is capable of planning the video display strategy according to the alarm level. When we send the notice, we also send the number and area of the moving targets detected to the large-screen control host, so as to comprehensively determine whether to update the video in the current preset alarm display area according to the number and area of the moving target, alarm level and other conditions. 6 SYSTEM IMPLEMENTATION EFFECT This paper focuses on how to improve the traditional moving target detection algorithm to make the moving target detection results more accurate, and compares the advantages and disadvantages of various kinds of the moving target detection algorithm, and selects the Gaussian mixture background modeling method in the frame difference method and background subtraction method for detection, and finally applies the detection results into the entire video monitoring system. This system carries out analysis and process of the images with moving targets. The detection results show that, compared with the traditional algorithm, this algorithm can completely detect the moving targets and effectively avoid generation of the false contour, thus further improving the accuracy of the moving target detection.
We carry out the experiments by using the improved Gaussian Mixture Model in combination with the frame difference method, conduct removal by the shadow detection and remove the individual noise points by the detection of the connected domain. The experimental results are shown in the following diagram: Figure 7 . Experimental result.
In the above Figure 7 , the images in the first column are original images, the images in the second column are detection results of the Gaussian Mixture Model, and the images in the third column are moving targets obtained by the improved method. Through comparison, the detection effect is significantly improved by using the mask update model, the improved background update method and the shadow removal. This algorithm achieves accurate detection of the abnormal situation of the site in a way of moment stimulus, so as to make the rapid and wise decisions and the real-time response to the event, and effectively improve the real-time monitoring level and safety level of the unattended substation.
